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(54) 

(57) 

n-GaAsa:Kl ±lC. n-Gai-2iAlziAs7 7 
•yHJi2, n-IniiGai-xiAsi-yiPj-i Tt^S^lS, i-lni2 
Gai-x2Asi-y2Py2 ? I3g 0 K T g 4 . In,3Gai-x3As 

l-y3Py3 4^ #F"vS'ttJl 5 . i-Inx 2Gai -x2 Asi -y 2Py 2 51 

5I'9S^>''Jr;i6, i^IniiGai-xiAsi-yiPyi 

7. p-Gai-xiAhiAs ^y-yVSMS^ p-GaAs3 ^' h 

5i'9M<DSfiA^ Sfix-^tf®J?=0.05~O.2nmi:^ 




(2 

1 

l-x2Asi-y2Py2 f^—y^OTM^ IPisGai - x3 Asi -y 3Py3 fi 

^^#Fv§'f4Ji, In,2Gai-.2Asi-y2Py2 IIZ:>''nUT^, H 

-?-i^a[5S 0 -^ftJU5=0. 05-0. 2 n m S-M^c 

BTlIBI ni 3 Gai - 1 3 Asi - y s Py 3 ^J-WFW&Mt^. mFlEGaAs 

#mSr*t- Sm-^'^ y HS, IS-3K^^. Inx2Ga 

1-X2PII— V-OJTJl, In,3Gai-x3Asi-y3Py3*^#F«51S 

m. Inx2Gai-x2Pm~>'N'Ur«. pSfc 

B!ffaii-i3,j:i/ii- ^ ^ •/ \^mifimi(^^mmz^=f-m 

H0ieig-i3J:l/m~3^^?^*^HlrieGaAs^tig^^ 

fsa^^fc.^o. . 30 

^l3SDS$rWi-^, -^t^i■J^10-30nm£7)ST••^b^T. 
-^'O^ISg O S<OMax -^ftJgJg=0. 05~0. 2 n m 

HlfSInisGai-isAsi-yaPys M-^^^vStt^B^ii^. BtflEGaAs 

fCO.003 t.X(r>^m*)m:^hmii}-i:>^J:h^><^X' 

[00 0 1] 40 

tmAzmthhcnxhh. 

[0002] . 

LXi±. n-GaAsS^tZ. n-AlGaAs^' ^ -y n tt^iit 

i-AlGaAs3t^J^, i-AlGaAsvfli®. p ttziii-MGAfis 
3!£^W, p-AlGaAs^' y y VM. p-GaAs^-v -yZTMiW 
mLX^j:^^i^U—9'i}i-'fmxS>t. Li)^U 

mtxiimitMizMi:^:?^. Mitit^izimx-mit^ 50 



nm^f-i I -22.022 A 

2 

ft^^v ^fz»>. mm L xm^ Ltz^^^mti^^ 

[0003] -5-<IT\ :t-yl'A17U-i:=^S875nm^ 
O^frU— »f i: LT. IEEE Photonics technology Le 
tters.Vol.6.No.4(1994)p.465 dtCn-GaAs 
ffi^tC. n-InGaP ^y-zYM. T^K— rinGaAsP % 

wm. GaAs«■1^#F^5^^a. ryK-rincaAsP ^ 

p-InGaP KB, p-GaAs^^ >y7"®*»4>^l. 

m^iiiiv-mm^^^<^im.^m-±^<. mm 
^izx^mmmM<^->x<?>b\>^dXA^^t 
■ft Lxiimm±mx.^K^ij(^x'$)i> , 

[0 0 04] vSt4B*^A17U-i:=5:S0.8Atm^ 
Ifi: tr. Jpn.J.Appl.Phys.Vol.34(1995) 
PP.L1175-1177tC:^SilTV^S i O ^n-GaAsSMl^n-Aia 
aAs>^>y h'e, i-InGaP InGaAsP a^#F 

imm. i-InGaP 3t^jSJl. p-AlGaAs-:^ 9 -y HJi: p-Ga 
As^^ 'yy°m*^(>^t^i^u-^ibm^$ixx\,^t . 

-iz X 0 m^'mtcr>7Mtmmtt^± ^^^t^^oxj^irw-o 
xa*). miii:n^mmx'<7)mm^i)^m:kL. ^^zw 

[0005] ^fz. IEEE Journal of Selected Topics 
in Quantum Electronics. Vol. 3. No. 2(1997)p. 180 iZ 

li. vsiiJitLT, mmtzMLx&mm^^'ti>mmt 

COGaInP^f<s&fflV\ mm^cDsmM^^-ry-^^iu 

■ti>J3Lh«0§l5SOS^*-ri>AlGaInP Strlf'f hVN'UT 
Mfi]^*-€Li6, ^St3fc{tS^N'yH^A"yr^;*:# < 

-r^ c: fc i 0 . u—f^mmco^com^A^^ < lx 
mmx'(D^^mzXhm=F<^^ti:imi.. mmit^\^ 

InGaAsP i^OvSttift: J: DSOOnm ^£7)^«£^— 
^LXo t -ti)^. Jpn. J. Af^I . Phys. Vol . 21 (1982)p. 
L323 iZ^-tJ: d tClnGaAsP ^Offl^fc^N'^ H^T-V y 

SrW-r-S»^i*3:-S.^i»t>lC. InGaAsP ^C0^#:« 

f*!^— r^SOOnm ^^^ftsU— TtCtJV^THSl^S >I 
[0006] . 

[%Bji^flisi5t J: a b-r^wmi ^^Bm. ±Mi9mi>z 
m^X^j:$ixf^i^<r>X'$,'yX . m^m'^$>'o. m 
iii:fj^mT^zti\.^xhmmit<r>m^^.& //m#coi|i««s 

r C i: 2r S W i: -r S t COTS) 5 .. 

[0007] 



.3 

c7)^mtt^w-rsm-^^-y m-^^m. inx2 

Gai-x2Asi-y2Py2 — -'^'UT®. IlhsGai-xsAsi -y3Py3 

A^^p^mm. in.2Gai-.2Asi-y2Py2 mz.^-<orm. 

LT?l5IOS5r*^S. -^li-^/flO-SOnrrKOar?)-^ 
^<7)8l3iOM£Oia;X^ff-aJJ=0.05-M).2nm$r 
i1|7t-r«^*»^=5:'?. fneinisGai-isAsi-yaPys 
FvStt«A»\ H«ieGaAs»Mt*&?fi^-rSfflB£. t>L< 
{i, BfiiBGaAsS)KtC^LT0.003 *-C'iO5l3S0M€:*t- 

I.. 

[0008] *^BBt i ssijco^flsix-if^aa. m 
-Hi. xfmnj N' u rmm ni 2 Gai - , 2 p^a^*^ ^> =5: 0 , 

tifz.i><7)X'^^\,: . .. 

C 0 0 0 9 ] ^c:t\ HulE^H-WiJtti, lyiEIS-fc i 
[00101 iTtsg-ioitx^-vN'urJicDBfrtaGaAsS 

aitLit^o-Ai =(aGaA3 — ai ) /asaAsT'S^ 

[0011] isl^t;, HfflEi^#Fvg't±B<7)Bin2GaAsa 
^(c*t-r'l.dl5gOScoSfti:«i,.i^M«^A2 tt.vg 
'l£®<^*S^=^^?:a2 i:LitJ^A2 = (aoaAs- 
a2 ) /aGaAsT'^$iX|.tc7)t'^S. -JSt:, IS^-S 
-^■t-l)i:ti^A2*^-0.0025^A2 ^0.0025T'S>'g.C: 
^!:iSr^rH\ rfrieinGaAsP i^^ltPvSttJiA^ fTieGaAs 

LT0.003 tx'<r>3m'om^^hm^] ta. -0.00 

25SA2 so. 003 SDHJt-fffi^SrV^a. 
[00 12] 

tS!3l^o.8 >um^^f!fsu— rtit!iSLTiS^Att<^®T' 
M«i^^*«^v\.*/c, InGaAsP i)|>VMiInGaP ^llfSOM 

^C:i:*<t'#i). li^C, InGaAsP $>§l^{iInGaP 
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[00 13] 

^miLxmm-fh, 

[ 0 0 1 4 ] ^ 1 {4, 1 comtmmf^z^h^ 

i:. ^-Jsmtm^xmmth. 

[0015] ^■^m,^m^9:mz X y) n-GaAsS« 1 ± 
10 n-Gai-ziAhiAs^'^v Ha2. n titiii-InxiGa 

l-xlAsi-ylPyl 5ld^SUi3, i-Inx2Gai-x2Asi-y2Py2 ?l 
?gO^>'N''jr®4. In,3Gai-.3ASl-y3Py3 4^#F?§tt 

i-InI2Gal-x2Asl-y2Py^^l5S0M>'^'l;r®6. p 
*^{4i-InxiGai-xiAsi-yiPyi 3l£^^7. i>-Gai-ziAl 

-eco^lcny:?^' hji9jaJ:t^»:Kli7)-?-ix-Pixtc, 
p®l«:®10feJ:(:/n{|!|fi®llS:?^^L-C^-ra, 
a. ^^^•vVm2, 8±Jit>'#3t^jSji3. 7(4-5-^1. 

-pixGaAsffi^ 1 i.zii^m^-thm^b'^h ifi. ±Mm 

20 ^c?DffiInGaAlAsP i^CO^flsJl^rMV^TtiV^. 
. - [ 0 0 1 6.]; ^mmi>zii\.^Xii. *?#FJS 

mj^o rmitmw. i izM^hmMm.ooi t ^?>mmt 

LX^cr>mm^5nmtLti. ^fc, fi^#F«tt«l4 
CaAsS«t^LTS*0.003iT-cO5l?g05$W-rS^ 

(-^tmff) i:0«{4, O.lnmlill^i:.^^, i/t. 51 
5g OM>'N'U TJi{4. -eo^ff-SlfAnO— 30n m<7)m&<7) 
30 Blf^OUST'. M*x-&|f-®JJ=0. 05-0.2 nmfc^S 

[0017] ±lB^«sl— if i: , iS^f^l^-lf i: |a| 
mizLXm^^tlfzmm^J<*JTmt:^L^>'^50Mtn 

mt^x hy^n^tt^f^u—fm'irt iz'-j\,^xn 
m^'iT^timmim2mxm3iz^r. m2t±. ^m 

m) b3m*)my'^0Tmi^L^^m^ (^^) osw 
yeiii:ncoitm^^s ttz h<r>xh o . n 3 i,i^wn<7)^ 

40 ( X ) I thCO?mfiSl?fi$:* Ltz i>(^-ch 

5£«0iaK«c^ttJ4/h$v-> (ll3#fiS) i:V^di^**-'#^> 

[0018] -m^z, mmn^ i thcoiaj^^s^ttji i th 

(T) = 1 0 X etr/To) T^$ita. CI JIT, To 
50 l6l±L^^1^T^,l.i:V^i.S. ^l^iOSAUTiliSrW-r 



5 

-&S^tCijl^T{i:. 20X:*»^,50-C<7)^r(iTo =223 
[00 19] *^^f4cU-if{i, vS14^4tCAlS-^S^ 

miz^mw^u rm4 , e fr^ix^v:^ ttcisvitt® 

i£^c7)tg^ft J; 0 H ^-v -x r S: < -r r t 

Z t //T'^ , ^1^Sgai2io{t Sm^^iS^S b ti<X' 
[ 0 0 2 0 ] ^-t, ±§mm<mmX'li. CaAsSSfin 

[ 0 0 2 1 3 =5rt5, iMmmcmmizii\^^xii. 

[0022] i!f:iz:^^B^com2cr)mtmmizm?>^^mi^ 
u~*y<r>wmmvci . ^coi^mxfm'pcovimtmzm 

tm^xmpm-^. 

[0023] ^m^mms^^mizi: *)n-Gaf^mm2i± 

tC. n-Gai-2iAlzi As^^ y n S/c(ii-Irh iGa 

l-ilAsi-ylPyl ^W&M23, i-Ini2Gai-x2Asi-y2Py2 3\ 

3B'9M>N'!;ra24. InisGai-.sAsi-yaPys *^#F?SS 
m25. i-ln,2Gal-x2Asl-y2Py2i?l5S05>'^'•;T®26, p 
^I'^ctii-IniiGai nAsi yiPyi 3t^jS[ii27. p-Gai ziAl 
uAs±gPlg— ^'^•y KJ128. p-Ini4Gai-r4P X-y^>-^ 
iajlJl29 ( J5:;^10nni^ ). .p-Gai - 2 1 Al 1 1 As±^^- 7 

-y h-'iiso , p-GaAs ayi'^hm3\ iMikmrn § <o 

(04 (a) ) / 

[0 0 24] ClcTJf^. ji^c7)i;y:/57^-t:J:0, ^ 
ig^M32<7), i{g 3 M m^OX h 5 >f.r«gS5J-32a L 

b §rl^*L (1^0 (b) > , JKT^S^n^c^h^'frUe 
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OieS^JK32a ^-7X:?.tLX^J^yhJ^y^>^l,Zj:'0 
■:iy9<P h®31*»^X yf-y;rffljt®29±®^-C'£^xf 

(1^0 (c ) ) . vl<7)t#, x-yf->-i5^?St LTgEg^t 
iSiS'ff^Tk^TkmSrfflv ^ i; . X y ^y-^ti^x. -y ^ y ^ffl. 
±S29-C'it6M{C^jh-f-&. ±a5IS-^^ y HJi28(7)g 

imizauxm-m^'e- vizx mmmmmmiH:^ 

iX-m^X'^ I, j: 9 ^m^k-th . Ji^^5^M32a Sr^ 
10 ^LXt^h , 'J -y i^'gBii it/^ai LTv\i,x -y f-y^E 
±S29iO^Wc^iiyi335rJgfi!t-ri. (d) ) , iJ: 

m'±M(^mMm3'km^L (isiia (e > > , siaj^^t^^ 

3 y h S31 a J; ^ LT P liJ«@342r?^fi£ L , 
•efiOf^. S^lc7)^9fffi$r^TV^nffl!lm©5$:?gJS•rl. (IrI 

0 ( f ) ) . 

[ do 2 5 ] w^timmLxmmlfz^^m 

[0026] *I^BH«?)|g30|ISiJ^®t;iiS^#f*^- 
■rcoUrffiJgtt^: . ^<r>imiM.m^(7)^ t MzM 5 

[0027] ^AJK^ffi^SatCi: 0 . n-GaAsa«^41 
Hz, n-Gai-ziAlziAs:?'v-y KB42, n ^/itii-InxiGa 
i-iiAsi-yiPyi jl£^^S43, i-Ini2Gai-i2Asi-y2Py2 51 
30 5S0a^^'';Tfl44, InisGai -.sAsi-ysPyS a4#FiSi± 
i-Inx2Gai-x2Asi-y2py2 5l5S0S>'^'Ur/l46, P 
^i'ilii-InxiGai-iiAsi-yiPyi 3lc#Syi47, p-Inx4(Ga 
.i-24Al24)i-x4Aso. 2Pc.8 ±gPI|— ^ ^ -y F®48, p-In 
x5 (Gai-25Al25)i-x5P ±gPim^'5 V Hii49. p-GaAsn 

02#i?D*ei^M52^?g^-r-S (05 (a) ) . 

[0028] z<r>^k, a^cou ^ i o . ^ 

^Il51c7)i|i 3/zmSjS£7)Xh^-f T^^gi5^52a L 
T , -etfOM^^-f KiOfi 6 At mm^COX h 5 W n:fege^i-52 
40 b ^|^*t (|5l0 (b) ) . ^£7)a$il/c;^h9-^r^^ 
«^M52a S: i: t -OX y h X .y ^ y^^t i 0 
:2y^7 hJl50*>/o±lfPm— ^7 -y H«48±ffi^t:'iDX 

([§10 ( c ) ) , x-y^y^JSi: Lr , ny:?:? hJi50 

r^7-y H;i49$-|M^*-r-S>t:a^tw^®?^S:fflv%^i:, x 
•y^y^^A^igPIS-i? 7>y K®48t-ei&M{Ci?it-tS. 

'J -y 'yxhv-! rm<^m&mzii\,^xm—&^'e 

50 -H{Cj:I.SSf^^*<Sai:^:*-C-^-e#5J;o^:/f 
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53,^mm-i> (isiia (d) ) , <!r\^x\ m%<^'ivyv 

^$ii;tgi5^S-|^*L (Ria ( e ) ) . m^^t\-fz^V 
(f ) ) . 

[0029] ^<of^, wm:^^\^xmm.fzm^^-^ 

[0 0 30] ^(^iztfz. ±iitmmcD:iiy^yy»± 

[ 0 0 3 1 ] <>:fc. :^^B^com4crmtmmiz-y^^xm 
[0032] ^m^m^&^mizx <on-Gat^mm 

±I,Z^ n-Ino.48Gao. 52P^'7-y KJil02. n ttzlii-lriii 
Gai-xi Asi-yiPyi 3i^jSyil03, i-Inx2Gai-.2Asi-y2P 
yi 5l5I'?S>'^'l;7'al04, In,3Gai-i3Asi-y3Py3 
FvSlililOg, i-Ini2Gai-,2Asi-y2Py2 ^m'0^^<VT 
Jil06, P i^^^tii-ItiiiGai-iiAsi-yiPyi ^^iSfllOT, 
P-Ino. 48Gao.52P^'^-y p-GaAsr3 i^:}? :7 hJllO 

9^m^-th, ?^:V^T3>:J'^ hJ1109«O±{Cp(l!lS:®ll 

[ 0 0 3 3 ] <};:tc. a^^iai^SEHtcSfi^HT'PIBL 
T?^«t^.:2oc^*4itlffi<7)-:^rt:^EIt*3-h, ffe 

[0034] 2|s:||5iJ^®tCt>V^Tt,, M^#F*SttiI10 
5J4GaAs^lOUCt&f&&^^«^. *>i.V^(4, CcoS 
«^101^^^^LTM40.003 llT'£Ofl5i02€r^-ri.ffl^ 

o T t i V ?Stt®£05l5fi 0 Sii: vSttSiO-^lf-coiS 40 

[00 3 5] S/vT. fl5S0MVN''Jr«{j:, -eo-^ffJi/p 
*n(>>-30nmcoKfflcoRif^coJ?$r, iifix-^ff;ijf:= 

0.05~0.2nma^SffijSfc-rS. ^mW^^JTM 
{4, 37C<JDIru2Gai-,2P?|3iOS>'>'!;rffl-Cib-?-C4> J: 

[0036] :^m^Wl,Zii\^X h ■ ±^OM0c^^^^ 
[0037] ^rtJ . #$fi^^fflSS5?g^S<?) 50 
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[0038]^/^, ±%mm<^mmx'\t. Q^f^wm^n 
m.cr>m'W&<r>{,<r>^m\.^x\^hif : psco^m-ttoss 

mm&^Kn^z-ttnix\,K 
[0039] <!Ki.z^^^R<nm3(r)mimm\.zi^h^w 
\^-^cr>mmmkt: . ^cr)jmiMm.^<r>m^tmzm 

km^xmm-tt. 

[0040] ^^±m%\^til^mi,zX On-<5aAsS^121 
n-Ino. 48Gao..82P:?^ >y h'iil22, ni S;t{i:i-Inii 
Gai-iiAsi-,iPyi 3t»^«123, i-InxzGai-i zP^I^ 05 
>'N''jrJil24, In,3Gai-,3Asi-y3Py3 aT#Fvittiil2 
5, i-In,2Gar-i2P?l5fi'95>'^'UTfll26. P ^^tUi-In 
iiGai-iiAsi-yiPyi 3t#Syil27. p-Ino. 48Gao. 5 2P^'7 
•yHBl28, p-GaPsay:}'^^ hmi29i:md^mL. 

1, ZZcr>ayi^^ hBl29J:t:Si02^i75$&i^Ml30?rJgfig,-r 

2. (117 ( a) ) . 

[004 1] zcom. m^c^ov^^y ^-izj:*). m 

^J1130<O4i^3Ptiti 3 umW^COX h 7 rt^^ii-5r 

7°*e(7)^Mi30Sr^Xi?h LT-^x-y hx-yf-y^/lz 
±0, P ifcm-IiuiGai-.iAsi-yiPyi 3fe^jS^lil270 

[0042] .liTDis^, X-y^i/r/^jgisLTSSg^i:?!^ 
'ft;*S7k^Ot,c?3^fflV^-Cp-GaAsn>'^':?^ hiil29^x 
•y f-y L , ^K^C7)X -y -i-.yym^^^ -^Tp-Ino. 4 sGa 

o.izP^yvvmmim^-ttnf, j^-y-f-y^ti^? tfz 

J4i-I n, 1 Gai - , 1 Asi - y 1 Py 1 ^m^mi27<7)±mX' g KiW 
tf?ihf ^*5P *;t{4i-InxiGai-,iAsi-yiPyi 

^ili27coJl^{4, i^m^cr>fp^m<ov y i^mmcr)i^<r> 

[0043] mzmmmno^mi^. v y 
sstu LTV ^ i27<7)^miztmmm ^ mm-^ 
(|5|ii( b ) ) , <!k\^x\ iiSco «; y^^7 >f -izi, 

0 , -y i'-X h 7 ^ rgl5±ffl<:7)$e^)Ki3l Srl^ L , Sg 
ai L/C 3 y ^' ^' h ® 129S:?i a i d {C LT P ffl!lB«S132$: 

ig^L, -eof^. w^uicnmm^fi^x'^xt^t^nw^ 
mm^m^L't^ (Ria (c ) ) . 
[0044] jictc. w^t:mmLxm^i.tz^m^m<n 
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[.0 0 4 5] ±fe«jS{Ci 0 , h'^«ofc* 
[0046] l^XHm:^ hy-( rtom-fil^:- K I^-if 
400 n m</j|g{;^-rix{f i; V t 0 S^N' 'J r Ji 

[ 0 0 4 7 ] :^^mc7)t^e(7)mmmmizm^^ 
wu—fcommm^^. ^cr)imj:mM^<D^mt^iz 

[0048] ^-iS^SMffl^^gj^tcJ: Dn-GaAsSSl41 
±I,Z^ n-Ino. 48Gao. 52P^^ y Hfll42, n iytrJii-Inn 
Gai-ilAsi-ylPyl 3^^Miil43. i-In,2Gai-»2fts1i-y2Py2 

6l5S»5S>'N''Jr®144. In,3Gai-x3Asi-y3Py3 *^^#F 

Vi§ft«145. i-Inx2Gai-,2Asi-y2Py2 ?l5iOM''-?yTJH 
46, P li;t{ii-In.iGai-,iAsi-yiPyi ^^mUl. p-I 
no. 48Gao.52P^'9 V Fei48. p-GaAs^f-v ■yT'SMg^rJlS 

<>:a® L , $ ^> t3 c ^ -y rsi49±t;si02 w<r>imt 
mdo^m^t^ (08 (a) ) , 

[0049] M^cT) V yyyy >f -izj: 0 , ^ 

^Ml50c7)4J^gEtCiti 3 m^O^ h 5 r^^SP^^S: 

^MlSOSrl^-ri.. -etr, ^(T^SSit^/'cXh^-f 
iO. P iittii-InnGai-iiAsi-yiPyi 5^^8^114750 

[00 5 0] Z(nk^. Ji v^yymt LX^tjm 
■fbrK^7k^(7)t<7)?:ffl(/^rp-GaAs4f v7*Jil49S-x./ 
f-y^ t , . iSBl^cOX -y ^y^jg^rffll ''Tp-Ino . 4 8 Ga 
o.52P^7 y H®148Sr^-riltf. x-yf-y^^ip 
tii -In, 1 Gai - . 1 Asi - , 1 Py 1 ^^SMTCOiHT SBW 

-'-•I 0 0 5 1] -tcotk. Mmi^iZi 0 . 7 >y Hfll48 

ffr^S-^-^-Sn-Ino. 48 (AlziGai-zi) o. 62P||^ffljhill 
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[0 07 6] JlcOh^, Xy^y^?Si:LTJ^i?tjag§ 
'fbk^7K?^i?)t<7)$:fflV%Tp-GaAs3>'^:^' h«229$rX 
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Jg^t. '5-i7)f^, S«221<7)Sf®^-fif=5:oT*^^>nliim 
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